The role of selectins in mediating eosinophil recruitment in vivo was assessed in a model of lipopolysaccharide (LPSIinduced mouse pleurisy. LPS administration resulted in significant eosinophil influx at 24 hours, whereas neutrophil recruitment to the cavity peaked at 4 hours and persisted for 24 hours. The anti-L-selectin monoclonal antibody (MoAb) MEL-14 effectively inhibited (by 97%) eosinophil influx at 24 hours and also inhibited neutrophil recruitment at both times (75% to 95%). Eosinophil recruitment was partially reduced (54%) by the anti-P-selectin MoAb 5H1 but, in contrast, was unaffected by the anti-E-selectin MoAb 10E6. Neutrophil influx at 4 or 24 hours was not affected by the N IMPORTANT EARLY event in recruitment of leukocytes from the microcirculation to tissues is their interaction with vascular endothelial cells. In vitro studies of shear-dependent adhesion and studies using intravital microscopy in vivo have suggested that this process involves a sequence of discrete events involving different families of cell adhesion molecules.132 In the initial phase, leukocytes marginate to the wall of postcapillary venules and roll along the endothelial cells. This process is mediated by the selectin family of adhesion molecules, and the importance of L-, P-, and E-selectin in the rolling stage in vivo has been clearly e~tablished.~.~ The exact interplay between these molecules is not fully understood, although recent observations suggest that, under conditions of the trauma associated with exteriorization of microvascular beds, rolling can be mediated by Pselectin and L-selectin ~equentially.~.~ In situations in which rolling is induced by endothelial stimulation by pretreatment with interleukin-l (IL-l), all 3 selectins appear to be involved simultane~usly.~ This rolling phase is followed by the arrest of leukocytes on the endothelial surface and firm adhesion that involves leukocyte integrins (CD1 1/CD18 and VLA-4) binding to their endothelial counter receptors intercellular adhesion molecule (1CAM)-l, ICA"2, and vascular cell adhesion molecule-l (VCAM-1).1,2 Blocking selectin, leukocyte integrin, or ICAM-1 function in vivo attenuates neutrophil emigration at sites of inflammation and reduces neutrophil-mediated tissue injury.l.'o.ll Adhesion molecule deficient mice also have impaired leukocyte rolling and attenuated neutrophil extravasation into sites of inflammation.7."12-15
N IMPORTANT EARLY event in recruitment of leukocytes from the microcirculation to tissues is their interaction with vascular endothelial cells. In vitro studies of shear-dependent adhesion and studies using intravital microscopy in vivo have suggested that this process involves a sequence of discrete events involving different families of cell adhesion molecules.132 In the initial phase, leukocytes marginate to the wall of postcapillary venules and roll along the endothelial cells. This process is mediated by the selectin family of adhesion molecules, and the importance of L-, P-, and E-selectin in the rolling stage in vivo has been clearly e~tablished.~.~ The exact interplay between these molecules is not fully understood, although recent observations suggest that, under conditions of the trauma associated with exteriorization of microvascular beds, rolling can be mediated by Pselectin and L-selectin ~equentially.~.~ In situations in which rolling is induced by endothelial stimulation by pretreatment with interleukin-l (IL-l), all 3 selectins appear to be involved simultane~usly.~ This rolling phase is followed by the arrest of leukocytes on the endothelial surface and firm adhesion that involves leukocyte integrins (CD1 1/CD18 and VLA-4) binding to their endothelial counter receptors intercellular adhesion molecule (1CAM)-l, ICA"2, and vascular cell adhesion molecule-l (VCAM-1).1,2 Blocking selectin, leukocyte integrin, or ICAM-1 function in vivo attenuates neutrophil emigration at sites of inflammation and reduces neutrophil-mediated tissue injury.l.'o.ll Adhesion molecule deficient mice also have impaired leukocyte rolling and attenuated neutrophil extravasation into sites of inflammation. 7 ."12- 15 The adhesion receptors involved in eosinophil recruitment at sites of allergic and nonallergic inflammation in vivo are less clearly understood. Blocking either CD1 8 or ICAM-1 has been shown to reduce eosinophil accumulation in In addition, blocking VLA-4 in vivo has been shown to reduce eosinophil accumulation in some",19.20 but not models. A recent study in a xenogeneic mesentery modelz3 has shown that the rolling of human eosinophils in IL-lPtreated rabbit mesenteric venules was reduced by approximately 40% to 50% by an anti-VLA-4 MoAb and by 40% by an anti-L-selectin MoAb. However, a role for selectins in mediating eosinophil recruitment to sites of inflammation in vivo has not been clearly shown. anti-P-or anti-E-selectin MoAbs. However, coadministration of anti-P-selectin and anti-E-selectin was very effective at inhibiting eosinophil influx at 24 hours (86%) and neutrophil influx at 4 (93%) and 24 hours (92%). These results show that all three selectins play a role in LPS-induced eosinophil and neutrophil recruitment in vivo, although P-and E-selectin show a degree of functional redundancy. The demonstration that P-selectin mediates eosinophil but not neutrophil influx suggests that suppressing the function of this adhesion molecule may be beneficial in blocking eosinophil accumulation in pleural inflammation.
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The aim of this study was to investigate the role of selectins in mediating eosinophil accumulation in vivo and to compare this with neutrophil accumulation in the same model. To do this, monoclonal antibodies (MoAbs) to murine L-, P-, and E-selectin were tested for their ability to modulate the recruitment of neutrophils and eosinophils to the pleural cavity of the mouse in response to intrapleural administration of lipopolysaccharide (LPS). The results suggest that blocking L-selectin suppresses eosinophil and neutrophil accumulation. In contrast, blocking P-selectin partially reduces eosinophil but not neutrophil accumulation. A role for E-selectin in the accumulation of both cell types becomes apparent only when P-selectin is blocked in combination.
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HENRIQUES ET AL
from Leo Laboratories (Princes Risborough, UK) and RPMI was from Life Technologies (Paisley, UK).
MoAbs. MEL-14 (purchased from ATCC, Rockville, MD) is a rat IgG2a that recognizes mouse L-~electin.'~ The hybridoma was grown in a hollow fiber bioreactor and MoAb was purified by ammonium sulfate precipitation. The final MEL-14 concentration was 5.8 mg/mL and the endotoxin concentration was less than 0.01 EUlmg (QCLIOOO; BioWhittaker, Inc. Walkersville, MD). The control for MEL-14 was rat IgG (Sigma) or rat IgG2b (YW62.325) directed against mouse CD45 (Serotec, Oxford, UK); the latter was obtained as purified ascites at a concentration of 0.5 mg/mL. A similar MoAb has been used as a binding control for MEL-14 in previous studies. 26 Rat IgGl to murine P-selectin (both the blocker 5H1 and the nonblocker 10A10) were prepared as des~ribed'~; the stock concentrations were 17.8 and 6.9 mg/mL with endotoxin concentrations of 0.05 and 0.51 EUlmg, respectively. Rat IgG2b to murine E-selectin (10E6, a blocker) was prepared as described"; the stock concentration was 18.3 mg/mL, with an endotoxin concentration of 0.03 EUl mg. A nonblocking antimurine E-selectin MoAb ( 1 4~4 , rat IgG2b) was also used; the stock concentration was 7.3 mg/mL, with an endotoxin concentration of 0.66 EUlmg. Isotype controls were MoAb 8B9 (rat IgG1) and MoAb 2-4A1 (rat IgG2b). Antibodies were administered intravenously (IV) at a dose of 200 pg per mouse (approximately 10 mgkg) 15 minutes before intrapleural injection of LPS. These doses of MoAbs have been shown previously to suppress neutrophil accumulation in vivo in the mouse.'4~26~2x~10 Preliminary dose-response relationship studies of MEL-14 in 6 animals confirmed that maximal inhibition (93%) of LPS-induced neutrophil recruitment at 4 hours was achieved with a dose of 200 pg MEL-14 per mouse, with an ICso value of approximately 100 pg per mouse.
Mouse pleurisy model. Pleurisy was induced as described previously.'l Briefly, an adapted needle (13 X 5 gauge) was inserted carefully 2 mm through the parietal pleura into the right side of the thoracic cavity of mice to enable injection of LPS (250 nglcavity in 50 pL sterile saline). Control animals received an equal volume (50 pL) of sterile saline only. After different times (4 to 48 hours), the animals were killed with an overdose of pentobarbitone (Expiral) and their chest cavities were lavaged with RPMI containing heparin (10 IUlmL). Aliquots of lavage fluid were taken for determination of total leukocytes in a hemocytometer, and differential counts on stained (Hema-Gum; BDH, Poole, UK) cytospin preparations. Tail vein blood samples were taken at 15 minutes and at 2, 4, 8, and 24 hours to assess serum MoAb concentrations; at -15 or S minutes and at 2, 4, and 24 hours to measure granulocyte L-selectin expression; and at 1, 4, 12, and 24 hours to monitor circulating leukocyte numbers. Total leukocytes were determined in a Coulter Counter and differentials were performed on stained (Hema-Gum) blood smears.
Serum IgG levels. The concentration of rat MoAbs MEL-14, 5H1, and 10E6 in mouse serum were measured using an indirect enzyme-linked immunosorbent assay (ELBA). All 96 wells of a maxisorp immunoplate Nunc (Life Technologies, Paisley, UK) were coated overnight at 4°C with goat antirat IgG in carbonate buffer, pH 9.6. The plates were washed and 100 pL of myeloma IgG standards (1.56 to 100 ng/mL) and dilutions of mouse serum in conjugate buffer (0.05 m o m phosphate buffer, pH 7.0, containing 1.2% NaC1, 0.5% Tween 80, 5 mg/mL bovine serum albumin [BSA]) were added, and the plates were incubated for 3 hours at room temperature. After extensive washing, bound rat IgG was detected with antirat peroxidase conjugate, followed by ABTS [2,2-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)] substrate. Optical density was measured at 405 nm on a microplate reader and concentrations were obtained by interpolation on standard curves generated using IgG myeloma protein.
Flow cytometry. Aliquots (50 pL) of whole blood were incu- SEM. Normalized data were analyzed by one-way analysis of variance (ANOVA) and differences between groups assessed using either the Student-Newman-Keds post-test (pleural leukocyte recruitment and blood leukocyte data) or Dunnett's multiple comparison test (serum IgG concentrations). A P value less than .OS was considered significant. LPS reaching an approximately twofold maximum after 24 to 48 hours. In the experiments described in the present study, the effect of antiselectin MoAbs on LPS-induced eosinophil accumulation in the pleural cavity was assessed after 24 hours. For comparison, neutrophil accumulation was assessed after 4 and 24 hours.
RESULTS
Time course of LPS-induced leukocyte recruitment.
Effect of anti-L-selectin MoAb. Compared with animals that received intrapleural saline, administration of LPS into the pleural cavity of mice treated with a control IgG resulted in a substantial eosinophil accumulation at 24 hours (Fig 1) . This represented 11.3% 2 0.7% of the pleural leukocytes at this time point. The L-selectin MoAb MEL-14 reduced this to 1.7% ? 0.7% eosinophils and blocked the total number of eosinophils in the pleural cavity by 97% ( P < .001; Fig   1) . In a separate experiment, LPS-induced pleural eosinophil recruitment at 24 hours was not blocked by anti-CD45 MoAb; there were 0.28 ? 0.04 X lo6 eosinophils in LPS controls, 0.24 ? 0.02 X lo6 eosinophils after LPS in CD45-treated mice, and no eosinophils detected after intrapleural saline (n = 6).
LPS also induced the accumulation of neutrophils in the pleural cavity at 4 and 24 hours compared with intrapleural saline (Fig 2) . Total neutrophil accumulation at 4 hours was inhibited 95% by MEL-14 (P < .001; Fig 2A) was also inhibited by MEL-14 ( P < .001), although the degree of inhibition was not as great (75%; Fig 2B) , whereas anti-CD45 had no significant effect (data not shown). The percentage of pleural cells at 24 hours that were neutrophils was 23.0% +-2.7% and 11.7% t 3.1% in IgG-and MEL-14-treated mice, respectively.
Compared with intrapleural saline, there was a trend for intrapleural LPS to increase the numbers of circulating leukocytes at 4 and 24 hours, with a significant (P < .05) increase at 12 hours (Table l) . However, these numbers were not significantly altered by MEL-14, even under conditions in which neutrophil and eosinophil migration was blocked. This lack of effect of MEL-14 on circulating leukocytes is consistent with other studies using this MOA^.**,^^ Blood neutrophils were significantly increased at 4 and 12 hours in animals that received intrapleural LPS, although there was no further increase when L-selectin was blocked. In contrast, blood eosinophils at 24 hours were increased when their migration into the pleural cavity was blocked by MEL-14 (Table 1) .
Serum rat IgG2a concentrations measured by ELISA were determined in 3 mice after the administration of anti-Lselectin MoAb. The concentrations (in micrograms per milliliter) at 15 minutes and 2,4,8, and 24 hours were as follows: 144 t 30, 127 t 21, 87 t 4, 40 2 16, and 4.7 t 0.9, respectively, which suggest that there was significant (P < .Ol) clearance of MEL-14 from the circulation at 8 hours and even further loss at 24 hours.
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Granulocyte L-selectin expression, as assessed by flow cytometry, remained constant up to 24 hours after intrapleural saline or intrapleural LPS, suggesting that LPS treatment did not cause L-selectin shedding (data not shown). Intravenous administration of 200 pg MEL-14 resulted in saturation of granulocyte L-selectin at 2 and 4 hours, although, at the latter time, there was an approximately 50% reduction in total granulocyte surface L-selectin, suggesting that MEL-14 administration induced partial L-selectin loss. However, at 24 hours, total granulocyte L-selectin was not significantly different to values at -15 minutes, although the degree of saturation by MEL-14 was reduced to 33%; this finding is consistent with clearance of MEL-14 from the circulation. Thus, whereas neutrophil and eosinophil recruitment are Lselectin-dependent, part of the inhibitory effect of MEL-14 may be due to L-selectin loss from the granulocyte surface.
Mononuclear cell numbers in the pleural cavity at 4 hours were not significantly altered by MEL-14 treatment with 0.92 0.18 X lo6 (n = 6) cells in the saline-treated cavity and 1.06 2 0.19 X lo6 and 0.73 +-0.14 X 106cells in the LPS-treated cavities in control IgG-and MEL-14-treated mice, respectively. At 24 hours, mononuclears increased from 2.08 2 0.18 X lo6 (n = 6) cells in the saline-treated cavity to 3.65 ? 0.12 X lo6 ( P < .01, n = 6) cells in the LPS-treated cavity and this was significantly ( P < .05) reduced by MEL-14 to 2.60 -+ 0.46 X lo6 (n = 6) cells. A similar effect of MEL-14 on thioglycollate-induced mononuclear cell influx into the mouse pleural cavity has been reported" and emphasizes the important role of L-selectin in leukocyte recruitment in vivo.
Effect of anti-P-and E-selectin MoAbs. The effect of the anti-P-selectin MoAb 5H1 on LPS-induced eosinophil recruitment at 24 hours is shown in Mice received intrapleural saline or were treated IV with rat IgG or anti-L-selectin (MEL-14) (n = 5 to 6 per group). This was followed by intrapleural LPS and tail vein blood samples were taken at the times indicated. Total leukocytes and differential counts were performed as described in Materials and Methods. * P i .05 compared with intrapleural saline. t P < .01 compared with intrapleural LPS. * P < ,001 compared with intrapleural saline. 9 P < .01 compared with intrapleural saline.
the pleural cavity was significantly ( P < .01) inhibited 54% by anti-P-selectin, which represented a 56% reduction in the percentage of total pleural leukocytes that were eosinophils from 9.8% t 1.0% to 4.3% t 0.9% ( P < .005). These data provide the first evidence for a role of P-selectin in mediating eosinophil accumulation in vivo. In contrast to the effect of anti-P-selectin, there was no effect of the anti-E-selectin MoAb 10E6 on LPS-induced eosinophil recruitment at 24 hours (Fig 3) Oe2 1 cytes were eosinophils in control IgG-treated mice, and in anti-E-selectin-treated mice, this number was 11.2% t 1.4%. However, the combination of anti-P-and anti-Eselectin was very effective at blocking eosinophil recruitment, with an 86% inhibition ( P < .001; Fig 3) . This represented a similar reduction in the percentage of eosinophils from 1 1.7% rt. 1.4% in mice treated with control MoAbs to 2.2% t 0.2% in animals that received anti-P-and anti-Eselectin (200 pg of each MoAb). In a separate study, there
anti-E-selectin For personal use only. on September 24, 2017. by guest www.bloodjournal.org From Mice received intrapleural saline (n = 9 to 10) or were treated IV with control MoAbs (IgG1. IgGPb, or both) or anti-P-selectin (5H1). anti-€-selectin (10E6). or both (n --5 to 6 per group). This was followed by intrapleural LPS and neutrophils in pleural lavage were quantified after 4 or 24 hours.
* P i ,001. a significant difference from the response to animals treated with intrapleural saline. t P < .01, a significant difference from the response to animals treated with intrapleural saline.
* P < .01, a significant difference from the response to LPS in animals treated with control MoAbs.
5 P < .05, a significant difference from the response to animals treated with intrapleural saline.
fl P < .05, a significant difference from the response to LPS in animals treated with control MoAbs.
was no significant effect of a combination of the nonblocking P-selectin MoAb lOAlO and E-seiectin MoAb 14E4 on LPSinduced eosinophil recruitment; there were 0.28 5 0.04 X lo6 eosinophils in controls and 0.35 ? 0.08 X lo6 eosinophils in mice treated with nonblocking MoAbs (n = 6) and 0 after intrapleural saline.
Total circulating leukocytes at 4 and 24 hours were not significantly altered by anti-P-selectin or anti-E-selectin MoAbs (data not shown). The only significant change in circulating eosinophils was seen at 24 hours, when the blood counts were as follows: intrapleural saline, 0. In contrast to the effect of MEL-14, the anti-P-selectin MoAb 5H1 had no effect on neutrophil accumulation at 4 hours, suggesting that P-selectin was not involved in this response (Table 2) . Similar data were found with the anti-E-selectin MoAb 10E6 (Table 2) . However, simultaneous blockade of P-and E-selectin was very effective; neutrophil accumulation was inhibited by 93% ( P < .Ol), which represented a decrease from 34.2% 2 4.2% to 5.6% f 2.1% neutrophils in the pleural cavity. Combined treatment with nonblocking anti-P-and E-selectin MoAbs did not alter neutrophil accumulation (LPS, 0.62 f 0.10 X lo6; LPS + MoAbs, 0.65 2 0.07 x lo6 neutrophils). Qualitatively similar data were found for LPS-induced neutrophil accumulation at 24 hours, such that neutrophil recruitment was inhibited (by 92%) only when both P-and E-selectin were blocked ( Table 2 ) and there was no effect of the nonblocking MoAbs (data not shown). Whereas circulating neutrophils were significantly (P < .01) increased at 4 hours from 1.08 ? 0.20 X 1 06/mL in animals that received intrapleural saline to 4.06 t 0.71 X 106/mL, in animals that received intrapleural LPS, this increase was not altered by IV administration of anti-P-and anti-E-selectin blocking MoAbs. At 24 hours, blood neutrophils in animals that received intrapleural saline (1.3 l 5 0.23 X 106/mL) were not increased after intrapleural LPS, but there was an increase when P-and E-selectin were blocked (2.69 2 0.32 X 106/mL, P < .Ol).
Mononuclear cell numbers in the pleural cavity are shown in Table 3 . At 4 hours, they were not significantly altered by LPS treatment with anti-P-selectin or anti-E-selectin MoAbs. At 24 hours, total mononuclears increased approximately twofold in the LPS-treated cavity and this increase was not significantly affected by control, anti-P-selectin, or a combination of anti-E-and P-selectin MoAbs. In contrast, LPS-induced a significantly (P < .05) greater mononuclear cell recruitment in animals treated with anti-E-selectin MoAb compared with the control IgG2b. In a separate study, there was no significant effect of nonblocking P-and Eselectin MoAbs on cavity mononuclear cells at both 4 and 24 hours (data not shown).
DISCUSSION
The aim of this study was to investigate the possible role of selectins in mediating eosinophil recruitment to an inflammatory site. We used the pleural cavity of the mouse because this is a straightforward and well-established r n~d e l~' .~' that allows the sampling of endogenous cells to be monitored at different times. In addition, the mouse is the species of choice because of the availability of MoAbs specific for mouse selectins.
Using doses of antiselectin MoAbs that have been shown previously to cause maximal inhibition of neutrophil accumulation, our results suggest that L-selectin plays an obligatory role in LPS-induced eosinophil recruitment. We also confirmed that L-selectin is important for neutrophil accumulation. Other studies using MEL-14 or a soluble L-selectid IgG chimera have shown the important role of L-selectin in thioglycollate-induced early neutrophil influx in the mouse perit~neum.'~~**~~" The data presented here indicate that Lselectin also plays a requisite role in LPS-induced neutrophil influx; in addition, preliminary studies show that neutrophil influx in the mouse pleural cavity induced by carrageenin is abrogated by MEL-14 (data not shown). The lesser inhibition of neutrophil recruitment at 24 hours may be because there was less MEL-14 in the circulation, although, in the same animals, eosinophil influx at the same time was reduced by 95%. A plausible explanation for this paradox is that, be- Mice received intrapleural saline (n = 9 to 10) or were treated IV with control MoAbs (IgG1, IgGZb, or both) or anti-P-selectin (5H1), anti-Eselectin (10E6). or both (n = 5 to 6 per group). This was followed by intrapleural LPS and mononuclear cells in pleural lavage were quantified after 4 or 24 hours. * P < .05, a significant difference from the response to animals treated with intrapleural saline. t P .01, a significant difference from the response to animals treated with intrapleural saline. * P < ,001. a significant difference from the response to animals treated with intrapleural saline. § P < .05. a significant difference from the response to LPS in animals treated with MoAb.
cause neutrophils have a shorter blood half-life than eosinop h i l~,~~ those neutrophils released into the circulation after 4 hours would become progressively less saturated with MEL-14, such that their recruitment would be less affected by MEL-14 after this time. In contrast, circulating eosinophils may be saturated with MEL-14 throughout the experiment, hence their migration was greatly reduced at 24 hours. Another possible explanation comes from a study of sheardependent adhesion of human neutrophils and eosinophils to endothelial cells in which evidence was found for an Lselectin epitope that was important for eosinophil but not neutrophil adhesion.34 If the endothelial ligand for this epitope were expressed predominantly at later time points after LPS treatment, this could lead to a greater dependency of eosinophil recruitment on L-selectin. Our data with MEL-14 are also consistent with the observation in L-selectindeficient mice that leukocyte (including neutrophil) influx is markedly impaired 24 to 48 hours after thioglycollate instillation into the peritoneal cavity.'s
We investigated the possibility that administration of MEL-14 might have other actions in addition to L-selectin blockade that could explain its inhibitory effects. In fact, IV injection of MEL-14 did lead to some shedding of granulocyte L-selectin after 4 hours, suggesting that part of its inhibitory action could be due to loss of this adhesion molecule rather than to simple blockade. Nevertheless, at 24 hours, granulocyte L-selectin levels were restored to pretreatment levels. Thus, either mechanism of action of the MEL-14 (blocking or shedding) indicates the important role of Lselectin for granulocyte recruitment to LPS in our pleural model.
The capacity of LPS to upregulate P-selectin in vivo, after the administration to mice, has been reported in several studies. These include P-selectin mRNA in whole lung 30 minutes after LPS3' and increased P-selectin protein in whole lung 1.5 hours after LPS.I3 P-selectin protein has also been localized to postcapillary venules of brain and tongue, where it is upregulated 3.5 hours after LPS but not after 1.5 h o~r s . '~ Similar findings of LPS-induced E-selectin expression in vivo have also been rep~rted.'~.''.~~ LPS-induced P-selectin expression may explain the inhibitory effect of the anti-Pselectin MoAb on LPS-induced eosinophil recruitment. It will be of interest, therefore, in future studies to test whether this MoAb also attenuates eosinophil influx into sites of allergic inflammation in the mouse in which P-selectin upregulation may not be as marked. It is curious that neutrophil accumulation was not inhibited by anti-P-selectin when tested alone and suggests that, in vivo, P-selectin plays a dominant role in mediating LPS-induced eosinophil accumulation. In support of this, Bochner et a139 have shown that human eosinophils adhere to immobilized E-selectin with less ability than neutrophils, an effect that was attributed to differences in the sLe"-containing surface molecules. Such differences in neutrophil and eosinophil adhesion to P-selectin were not observed, but differences in the P-selectin ligands of the two cells were rep~rted.~" Whether this contributes to differences in selectin requirement in vivo is unknown, but the in vitro data are suggestive of a dominant role for P-selectin during eosinophil recruitment. Our findings in the mouse provide the in vivo evidence to support these in vitro studies. P-selectin, but not E-selectin, also plays an important role in eosinophil adhesion to nasal polyp endothelium, although the contribution to neutrophil adhesion in this system is not known.41
In contrast to the effects of L-and P-selectin, there was no inhibitory effect of the anti-E-selectin MoAb on eosinophil accumulation, except when P-selectin was also blocked. Under these conditions, eosinophil accumulation was reduced greater than 85%. Similar findings were made for neutrophil accumulation at 4 and 24 hours, although the effect of the anti-P plus anti-E-selectin combination was more dramatic because neither MoAb alone was inhibitory. These data are consistent with findings in E-selectin deficient mice in which thioglycollate-induced neutrophil influx into the peritoneal cavity at 6 hours was similar to wild-type mice; anti-Pselectin was also ineffective in the wild-type, but in the E-selectin-deficient animals it reduced neutrophil influx by 85%.14 In another study of thioglycollate-induced neutrophil influx into the mouse peritoneal cavity,3" it was found that MoAbs against L-, P-, and E-selectin were all partial inhibitors at 4 hours, but a combination of anti-L and anti-Pselectin MoAbs provided maximum inhibitory effects. However, the MoAbs to P-and E-selectin were different to those used in the present study and in the study of E-selectin knockout^'^; therefore the reasons for the differences remains to be resolved. Our results suggest that either P-selectin or E-selectin can mediate eosinophil and neutrophil influx and that there is some redundancy of function of the two molecules, particularly with respect to the neutrophil. An alternative explanation is that P-and E-selectin share a similar ligand, which is consistent with the report that P-selectin glycoprotein ligand (PSGL-1) binds both P-and E-~electin.~' In contrast, E-selectin ligand (ESL-1) binds E-selectin only.43 It will therefore be of interest to examine the role of these selectin ligands when appropriate tools for the mouse become available.
Because macrophages and T lymphocytes are important intermediates in LPS-induced eosinophil recruitment to the rat pleural cavity,32 an effect of antiselectin MoAbs on mononuclear cell influx may contribute to their inhibitory actions on eosinophil (and perhaps neutrophil) accumulation at 24 hours. An anti-VLA-4 MoAb has been reported to attenuate neutrophil influx in a delayed hypersensitivity reaction in mouse skin, perhaps an indirect effect as a result of inhibiting mononuclear cell recruitment.44 However, this hypothesis did not appear to account for the inhibition in our study of eosinophil accumulation by anti-P-and anti-E-selectin MoAbs because these MoAbs, either alone or in combination, did not significantly affect mononuclear cell numbers after intrapleural LPS. We have yet to examine responses to LPS in selectin-deficient mice but, in a contact hypersensitivity reaction, monocyte and CD4' T lymphocyte (and neutrophil) influx was markedly less in P-selectin-deficient animals than seen in wild-type counterpart^:^ suggesting that the involvement of P-selectin may depend on the stimulus.
The presence of eosinophils in tissues is a feature of allergic disease. These leukocytes and their secretory products have been implicated in these diseases, yet the mechanisms of their recruitment are not completely understood. The results presented here show that selectins play a crucial role in mediating eosinophil recruitment in a model of pleural space recruitment and suggest that blocking selectin function will be of benefit in allergic inflammation. Whether a carbohydrate-based therapeutic strategy that blocks all selectins offers the best approach or whether blocking P-selectin alone would be favorable, which would reduce eosinophil migration without affecting neutrophil migration, remains the subject of further study.
